The purpose of this paper is to identify areas with high flash-flood potential based on an evaluation of physiographic factors controlling the formation of surface runoff. The research method relies on the use of the Flash Flood Potential Index (FFPI), which incorporates physiographic characteristics from the catchment (terrain slope, profile curvature, land use and soil texture). The spatial distribution of the physiographic factors (which contribute to the creation, control and concentration within the drainage network of the overland flow) and the classified zoning of areas according to their hydrological response were achieved with GIS techniques. The results obtained show that physiographic factors on 227 sq km (29%) favor surface runoff on slopes and its localization towards the drainage network. Notably, the highest values of FFPI belong to the lower part of the catchment, where high human population density can be found, reflecting an increased vulnerability to floods and inundations of this area.
Introduction
Water drainage on a topographic surface (surface runoff or overland flow) is linked to geographical factors, both natural (climatic, geological, morphological, morphometric, edaphic and phytological factors) and anthropogenic (land use, hydrotechnical schemes and so on). The climatic conditions present the most important factors leading to runoff, especially the formation of maximum flow. Of particular importance are liquid and solid precipitation. They are characterized by intensity (heavy rain, torrential, * E-mail: gabriel.minea@hidro.ro cloudbursts), distribution, size and duration [1] . On the same pluviometric input, the runoff on slopes and its speed of concentration in riverbeds are nevertheless different, depending on the topographic surface characteristics that can favor or, on the contrary, reduce the runoff. A combination of factors favorable to runoff concentration increases the susceptibility to floods in a given area, especially in medium-sized and small-sized catchments of mountain regions [2] .
Strong floods and the inundations associated with them trigger natural results: hydromorphological effects [3, 4] , biological effects [5] and socio-economic effects [6] , and the latter imply high financial costs, increasing exponentially with the social and economic development of the region in which they occur [7] . For the purpose of reducing the negative consequences of floods and inundations, knowing the peculiarities of the runoff factors is extremely important. These allow the identification and the zoning of areas with a high risk of producing floods and of those exposed to these phenomena.
Directive 2007/60/EC, also known as the EU Flood Directive, in order to reduce vulnerability to the effects of hydrological hazards with a negative impact (floods and flooding), requires the development of inundation risk management plans with hazard maps and inundations risk of each catchment. These maps will show how the inundations spread: the water depth or level and, where appropriate, the runoff speed or the discharge [8] . The disadvantage of these maps is the lack of quantification and the presence of slope surface zoning, where the surface runoff is driven and fostered by physiographic factors, these being restricted only to the river channel and floodplain geometry, and inform the estimation of the probability of exceeding the discharges. In this case, Sorocovschi [9] outlined the importance of knowing the spatial features (position, location, distribution, distance) and temporal features (dimension, duration, frequency) of a natural hazard, because depending on these, it is possible to classify areas with different degrees of vulnerability.
Potential flood hazard and risk mapping on a PanEuropean scale was carried out by Roo et al. [10] , and a map of the major flood disasters in Europe between 1950 and 2005 was drawn by Barredo et al. [11] . Other examples of methods and maps on hazard zoning, vulnerability and inundation risk at a local level were made by Lindenschmidt et al. [12] for the cities of Meissen on the Elbe River and Döbeln on the Mulde River; Te Linde et al. [13] makes similar estimates along the river Rhine from Germany. These are a few examples of the many works that show a concern for mapping inundation risk and for its major aspects (hazard and vulnerability), varying from a continental scale to a local one. In Romania, the National Strategy of Medium and Long Term Inundation Risk Management aims to strengthen institutional capacities at national, regional and local levels, to manage flood-induced emergency situations and to reduce flood impacts [14] .
The objective of this paper is to identify areas with high flash flood potential in the study region based on an evaluation of physiographic factors (the slope, profile curvature, soil texture and land use) controlling the formation of overland flow. In order to achieve the objective, a synthetic index method was used, the "Flash Flood Potential Index" [15] , defined as a GIS technique. The Flash Flood Potential Index (FFPI) has been used in certain case studies by [16] [17] [18] in some regions of the USA. In Romania this method was taken up and adapted by [4, 19, 20] , and so on, for estimating the potential of the occurrence of flash floods in small hydrographic catchments. This study focuses on a small-sized mountain catchment (under 800 sq km), with a relatively high potential of producing floods. Also, FFPI method was established for the catchment and with detailed research at sub-catchments level. The results were supplemented with observations and field investigations.
Study Area
The Bâsca River Catchment is located in a montainous area, in the external region of the Curvature Carpathians, part of the Eastern (Oriental) Carpathians ( Figure 1A , Figure 1B ). It is framed by the parallels of 45
• 51'54" and 45
• 25'36" N latitude and meridians 26
• 10'16" and 26
• 33'19" E longitude. The catchment shape is elongated; the area covers about 785.1 sq km; and the mean altitude is 1,081 m between Lǎcǎuţi Peak (1,777 m a.s.l.) and the confluence with the Buzǎu River (385 m a.s.l.). The Bâsca River is one of the main tributaries of Buzǎu River ( Figure 1C ). Local conditions (e.g. lithology, relief and climate) along with the anthropic influence (land use) constitute conditional and control factors for runoff. These factors are presented synthetically in Table 1 . [24, 25] . Table 2 shows the basic morphometrical characteristics of the studied catchments. Analysis of the average multiannual daily discharges between 1953 and 2007 was based on hydrologic data from h.s. Bâsca Roziliei -data provided by the National Institute of Hydrology and Water Management -NIHWM [26] . This hydrometric station is representative of the catchment runoff, in that it quantifies all the water resources drained by the hydrographic network. It was found that in the catchment at h.s. Bâsca Roziliei, the total volume of water that flows during a year is 375×10 6 m 3 , corresponding to a multiannual mean discharge of 11.9 m 3 /s, and the discharge belonging to the same station is 15.6 l/s/sq km, for a mean layer of 494.8 mm [20] . The hydrological regime depends on the climatic features of the area. Thus, the periods with a high runoff are recorded during spring, in April (35.7 l/s/sq km) and May (30.4 l/s/sq km), because of increased intake resulting from snow melting and precipitation. The lowest amounts of water overrun for the entire catchment at Bâsca Roziliei h.s. occur during winter in January (6.09 l/s/sq km) and February (6.88 l/s/sq km). Floods coming from the Bâsca River Catchment happen more frequently during summer (June and July) when they lead to inundations: [20] .
Human settlements are grouped in a small area (in the upper part, in Comandǎu village) and linearly along Bâsca River and its tributaries within the floodplain and terrace (in the lower part). Human communities are exposed to a risk from hydric processes, of which the most common and with the most significant losses are floods and inundations. These phenomena caused negative socio-economic and hydrogeomorphic effects in the second half of the 20 th century and in the first decade of the 21 th century, especially in the lower part of the catchment.
Data and Methods
Smith [15] , in order to identify areas that promote flooding, suggests an indicator, called Flash Flood Potential Index (FFPI). Its estimation is realized using GIS techniques and is based on four grids overlapping the physiographic features of the hydrologic catchment (terrain slope, A = area; med = average; max = maximum; min = minimum; L= river length; I = river slope; DD = drainage density; * -Characteristics based on Topographic Map of Romania [22] and taken after Minea [20] .
land use, forest density, and soil texture); these four are considered as having a major hydrologic influence on surface runoff processes and on flood occurrence 1 . These physiographic features are relatively static and mediated; they bring information from the grid level (pixel) about the transmission potential of a flood from a catchment.
Mǎtreaţǎ and Mǎtreaţǎ [19] the method suggested by Smith [15] for Romania, in their estimated exposition of the flash flood production (conveyed by physical and geographical factors) and calculated the value of the "global index of vulnerability [to] flash floods". Their grid of this synthetic index, determined from GIS techniques, is influenced by the balanced averaging of the reclassified values of the afforestation factor, soil and slope texture, at a spatial resolution of 1 km.
Within this study, in order to estimate the hydrologic effect of the topographic surface of the Bâsca River Catchment, starting from the methodology suggested by Smith [15] , and modified by Mǎtreaţǎ and Mǎtreaţǎ [19] adapted by Minea [20] and assumed in Zaharia et al. [4] , a geographic index grid was generated by using the GIS technique FFPI (at 20 m resolution). This index is meant to identify areas with a high potential for floods. The steps to obtain the final FFPI grid from Bâsca River Catchment are: (i) the creation of a physiographic database (ii); the reclassification of the data; (iii) map algebra operations in a raster format of the following parameters: terrain slope, profile curvature, soil texture and land use or land cover. The thematic layers have a 20-meter grid resolution. The gathering activities, editing tasks, data processing and map analyses were made with the software ArcMap version 9.3. In order to apply the FFPI method, a succession of operations were run that can be divided into three stages:
1. The creation of the database (vector and raster data). The maps were scanned and referenced geographically within the national cartographic protection system "Stereo 70", using Global Mapper v. 12 software. Then, these were manually digitalized with the polygon typology and converted in raster data. Data structure is as follows:
(a) Primarily polygon data, obtained by manual digitalization:
• was based on a five-point scale. The establishment of classes depends on hydrological features, so that the entire interval (1 5) was not found in all parameters. The lowest values "1" belong to low potential in the creation of the surface runoff, and the highest "5" are assigned to parameters with high favourability (Table 3 ).
The class description by Mǎtreaţǎ and Mǎtreaţǎ [19] were used for the range of slopes. Pedologically, as mentioned by [27] , 85% of the soils belong to hydrologic group B. This hydrologic group incorporates the loamyclayey texture (67.28%) and the loamy texture (16.98%) and is characterized by the medium runoff potential infiltration rate "when they are fully wet" [27, 28] . Hydrologically, the profile curvatures with negative values (convex slopes) facilitate accelerated runoff [29] , and the ones with positive values (concave slopes) and associated with low slopes also promote runoff. Forests hold a part of the pluvial water and do not favor rapid runoff [30] , but have an opposite effect.
3. Map algebra operations. The last step consisted of cartographic algebra operations (addition and division) applied to the four raster layers. The FFPI value, at a pixel level (20 meters grid resolution), was obtained by overlapping the four pixels of the thematic layers: slope, curvature profile, soil texture and lands use. The value of the new cell was the average of the grids, then the values were qualitatively transformed (1 -minimum, 2 -low, 3 -medium and 4 -high). This FFPI method is applicable both to the case of rainfall and of previous moisture conditions arranged uniformly throughout the catchment.
Results and Discussion
The spatial FFPI map of the Bâsca River Catchment was made after applying the methodology mentioned abovedivided into 18 cadastral sub-catchments [31] (Figure 2) . From the analysis of this map, it was found that the "low" class holds the largest share, with approximatively 3 4 of the catchment area (557.8 sq km). A significant share, with an important impact on the formation and transmission of a flood, is held by the "medium" class that covers 220.4 sq km (28.07%) of the catchment. The other classes cover a small enough area to be less significant: the "high" class covers 0.85% (6.7 sq km) and the "minimum" class covers 0.03% (0.2 sq km). The spatial variability of these classes, especially of the "low" and "medium" classes, is a positive aspect, because the speed both of formation of drainage from the slopes, and of transmission of the flood wave can be decelerated. The territorial distribution of the "low" class is dominant in the middle part of the region and the "medium" one is dominant in the lower part, due to deforested areas and soil sealing. The "high" FFPI class can be found in the lower part, inside riverbeds and within incorporated urban areas (belonging to the small villages that have grown from the Gura Teghii large village and to the Nehoiu town), adjacent to the largest areas that lack sylvan protection and that hold high slope values. The local effect of the overlap of this class (with the highest favorability of rapid runoff) in natural conditions (e.g. precipitations and historical floods) and anthropogenic (e.g. the storage of timber in the riverbed) has determined the overflow of the transit capacity of the riverbed and produced the inundations of 1969, 1975 and 2002 [20] . An analysis of the distribution of FFPI classes at the level of cadastral sub-catchments (see Table 2 ) reveals that the sub-catchments which are located in the central and lower part of the catchment (for example: Milei, Șapte Izvoare, Pǎltiniș) show the highest values of the "medium" class, and manifest an important potential in the shaping the risk hydrological phenomena. The Popliţa River Sub-catchment, located in the upper part of the Bâsca River Catchment, also presents heightened conditions for the manifestation of the above-mentioned phenomena ( Table 4) . The sub-catchment with the greatest proportion of the FFPI "high" class (2.81%) is the one belonging to the Pǎltiniș River ( Figure 3A ). Following observations and personal investigation in the field it has been found that the FFPI "high" class and inundation areas are strongly correlated. For example, the flash-flood of 20 July 2002, from the Pǎltiniș River, was transformed into a deluge and it had severe consequences (one death and economic damages) only at the confluence with the Bâsca River ( Figure 3B , Figure 3C ). The cause of this hydrologic event was the combination of natural factors (physiographic and climatic) and the consequences of anthropogenic activities (e.g. historical deforestations and land use practices), as follows:
• Heavy rainfall;
• An arrangement opposite the main drainage shaft of high downhill slopes;
• Convex curvature of the profile of slopes;
• The production of an area "funnel" effect, through a water lock in the blocked windows (due to the storage of timber matter, waste or other objects) of the transversal dams in the first phase and subsequent to the water overflow.
The lowest potential of FFPI, among the cadastral hydrological sub-catchments of the Bâsca River Catchment, is in the Saroș River Sub-catchment, with 92.05% of its area belonging to the "low" class. This distribution is primarily due to an increased afforestation coefficient (98.1%), in conjunction with a terrain slope which does not exceed the average value of 12.8
• and a maximum value of 34.7
• [20] .
In terms of the risk induced by the high values of the FFPI, out of all the cadastral catchments, the one that belongs to the Pǎltiniș River has the highest degree of human habitation. The other catchments are filled with seasonal houses (sheep cots). The results obtained show that some areas with FPPI "high" class, especially in the lower part of Bâsca River Catchment, can be transformed into floods. The lower part of the Pǎltiniș and Bâsca River has been frequently affected by such phenomena. To reduce the risk induced by flooding, some hydrotechnical arrangements were made. Although this FFPI method has had satisfactory results herein, and reflects the reality of the field, possible errors should also be taken into account. Within this study, errors may appear from exploited DEM data (terrain slope and profile curvature). The DEM was generated on the basis of data from a topographic map, with a scale of 1:25,000 [22] . Map data (level curvatures and elevation rates) imposed a topographical limit of DEM accuracy. The DEM obtained from cadastral plans was useful for improving the results, at the scale of 1:2,000. The outcomes were also related to the phenological stages of the vegetatation and its type. When weather events (cloudbursts, the quick melting of snow) are produced in the ecological winter and spring, the forest vegetation retention is obviously reduced.
Conclusions
Physiographic and climatic characteristics hold a very important role in forming and conveying runoff, and in flood occurence. These characteristics were highlighted within this paper, using the physiographic method of determining the FFPI, a method that integrates various parameters that influence runoff. In this case, the parameters considered were: terrain slope, profile curvature, soil texture, land use or land cover. Based on the results obtained, we can say that surface runoff is attenuated by physiographical factors within the largest part of the Bâsca River Catchment. Given the extent of the occurrence of quantitatively important precipitation (cloudbursts), uniformly distributed on the catchment surface (assuming there are uniform conditions of antecedent moisture) and surface runoff, among these factors, we consider that an important role is played by the high degree of afforestation. (The lowest values of FFPI correspond to the catchments with the highest values of afforestation indices.)
The high potential of flood occurrence due to the rapid concentration of runoff, and a high vulnerability to these phenomena has been identified in the lower part of the catchment, where the FFPI records values belonging to the "high" category and human settlements are also present. The final results allow the assertion that there are hydrologic connections between areas with "medium" and "high" FFPI and flooded areas. Nevertheless, possible errors, induced by assumptions and by the limits imposed by resolution, by the phenological stage of vegetation, its type and so on, should also be considered in applying this method. The identification and zoning, according to thematic maps (using the FFPI method) of areas that favor rapid runoff on a slope, at the local scale, can become a useful tool for territorial planning and for human awareness, especially regarding areas exposed to a greater risk of fast runoff and its associated processes: surface erosion, landslides, floods and so on, for the local public administrations. Knowing the areas that are vulnerable to such phenomena allows the planning and promotion of appropriate measures to reduce their consequences. 
